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Abstract 
In 1994, 28 sewage purification plants based on common reed 
Phragmites australis were analyzed, to study fragmentation effects 
on diversity and on food web structure of insect communities. Pu- 
rification plants differed in age (2 to 11 years) and area (10 to 2,500 
m2). Both age and area were significantly correlated with species 
richness of herbivores. Populations of the two most abundant herbi- 
vores, the gall makers Lipara puIlitarsis (Diptera, Chloropidae) and 
GiraudielIa inclusa (Diptera, Cecidomyiidae), increased significant- 
ly with age and size of the Phragmites habitats, i.e. the purification 
plants. Incidence curves howed that only habitats older than 6 years 
and larger than 100 m 2 have a 50% probability of finding these two 
most abundant gall makers, and can correspondingly beconsidered 
to contribute to insect species conservation. Natural enemies were 
even more susceptible to habitat fragmentation than their phy- 
tophagous hosts or prey, thereby hampering possible biocontrol. 
Percent parasitism of both the Lipara and Giraudiella gall makers 
significantly increased with habitat age. 
Introduction 
Habitat fragmentation is one of the major threats to biologi- 
cal diversity in the agricultural landscape. Populations of 
organisms pecialised to certain aspects of their habitat be- 
come increasingly smaller and more isolated from each 
other, so exchange between adjacent populations becomes a
rare event. Both decreased size and increased isolation 
make populations susceptible to stochastic forces of extinc- 
tion, due to demographic, genetic or environmental reasons 
(BEGON et al. 1995). Reduced species numbers in fragment- 
ed habitats may be due to effects of (i) reduced area per se, 
shown by HAVE (1993) with respect to ciliate communities, 
or (ii) reduced habitat heterogeneity (ROSENZWEIG 1995). 
Besides fragmentation, age of habitats greatly influences 
species diversity, since permanent anthropogenic influ- 
ences in the agricultural landscape favour young and great- 
ly disturbed, at the expense of old and little disturbed, habi- 
tats. 
Communities of common reed Phragmites australis also 
suffer from reductions in area, enhanced by die-back and de- 
cline of reed stands observed uring recent centuries in Cen- 
tral Europe (OSTE~DORP 1989). Sewage purification plants 
based on Phragmites australis may be a compensation for 
reed losses. However, these purification plants are predomi- 
nantly young and small, and such fragmentation effects may 
worsen their suitability as compensation areas for the natural 
reed stands that have disappeared. 
Phragmites australis harbours more than 100 mono- 
phagous tem-boring insect species which are well-known 
and, thereby, provide a basis for study of fragmentation ef- 
fects on food web structure (TscHARNTKE 1992 b, 1993). Our 
study focus on two gall makers and their parasitoids. The 
gall-inducing chloropid fly Lipara pullitarsis (Diptera, 
Chloropidae) is one of four Lipara species in central Europe 
inducing a cigar-like gall at the top of reed shoots (CHVALa et 
al. 1974; DE BRUIN 1994; TSCrIARNTKE 1994). Larvae over- 
winter within leaves above stout internodes and adults hatch 
in May. Stenomalina liparae (Hymenoptera, Pteromalidae) 
oviposits in Lipara larvae and kills the host before adults 
hatch in spring; this chalcid wasp is mainly known from L. 
lucens (CHVALA et al. 1974), but, in this study, it was the only 
parasitoid we reared from L. pullitarsis. The "ricegrain" gall 
midge Giraudiella inclusa (Diptera, Cecidomyiidae) induces 
ricegrain-like galls protruding inwards from the internode 
wall and being crowded within the basal half of the internode 
(TSCHARNTKE 1988). Fourteen parasitoids are known to at- 
tack Giraudiella galls (TSCHARNTKE 1992 a). 
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Mater ia l  and Methods  Results 
Reed shoots were sampled from September to November 1994 and 
came from 28 sewage purification plants based on plantings of 
Phragmites australis, according to Kickuth (e.g. BLUMBERG 1990). 
These purification plants were located in different Federal states of 
Germany (Schleswig-Holstein, Hamburg, Lower Saxony, North 
Rhine-Westphalia, Hesse) and were 2 to 11 years old and 10 to 
2,500 m 2 in size. At the edge of each purification plant, 150 reed 
shoots were cut from several 0.25 m2-plots. Shoots were measured, 
dissected, and the larvae reared (up to the summer of 1995). 
Purification plants were characterized by estimates of Phragmites 
shoot density, mean basal shoot diameter, mean shoot length, mean 
numbers of intern•des, mean length of flowers and numbers of side 
shoots. Geography, size and age of the purification plant could be 
easily registered, but isolation (distance to the next reed stand) could 
not be exactly measured. Distance of purification plants to nearest 
reed stands was less or more than 1,000 m 2, but this rough estimation 
did not explain any variability. Statistical analyses (stepwise multi- 
ple regressions, logistic regressions) were done with Statgraphics 
Plus for Windows 1.4 and Sigmaplot 2.0. 
Altogether, ten species of stem-boring phytophagous insects 
could be sampled from the 28 Phragmites purification 
plants. Only two phytophagous species were found on more 
than half of them: Lipara pullitarsis (18 stands) with its par- 
asitoid Stenomalina liparae (13) and Giraudiella inclusa 
(15). 
Correlation analyses showed that old purification plants 
had significantly thicker shoots and lower shoot densities 
than young ones. Shoot length and shoot diameter was posi- 
tively correlated. Age and size of the purification plants were 
not correlated, so both characteristics independently influ- 
enced structure of the insect community. 
Both size and age of the habitat (i.e. the purification plant) 
were positively correlated with numbers of herbivore species 
explaining 50% of the variance (Fig. 1). In a stepwise multi- 
ple regression, other characteristics of the purification plant 
(geography, density, diameter, length, intern•de number and 
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Fig. 1. Species richness, i.e. numbers of herbivore species (y), in re- 
lation to habitat size (A; Xl) and habitat age (B; x2). 
A: y = -1.29 + 2.33 log Xl; r2= 39%; F = 16.62; p < 0.001; n = 28. 
B: y -- 0.05 + 4.51 log x2; r 2= 24.5%; F = 8.44; p = 0.007; n = 28. 
In a stepwise multiple regression, both predictor variables indepen- 
dently and significantly contribute to the explanation of species rich- 
ness: 
y = -2.79 + 1.97 log x~ + 3.18 log xa; r 2= 50.2, F = 12.62, p < 0.001, 
n = 28. 
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Fig. 2. Abundance of galls or individuals (y) in relation to habitat 
size (x). 
A (G. inclusa): 
y = -416.7 + 342.8 log x; 12= 23.52%, F = 8.0, p = 0.009, n = 28. 
B (L. pullitarsis): 
SQR y = -1.2 + 2.8 log x; r2= 18.21, F = 5.8, p = 0.02, n = 28 
In a stepwise multiple regression, both size (xl) and age (xz) of the 
habitat independently and significantly contribute to the explanation 
of abundance of L. pullitarsis (see Fig. 3 B), but not of G. inclusa. 
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side shoot number of the shoots) did not significantly con- 
tribute to the explanation. Similarly, abundance of both the 
Lipara and Giraudiella galls could be best explained by size 
and age of the habitat (Fig. 2, 3 A). Percent parasitism of L. 
pullitarsis by S. liparae significantly increased (from about 
5 to 35%) with age of the habitat, explaining 25% of the 
variance (Fig. 3 B). Similarly, reductions of parasitism of the 
gall midge G. inclusa was related to habitat age and from 
about 50% to 10%. Parasitism and host abundance were not 
intercon'elated. 
In logistic regressions, probability of extinction of G. in- 
clusa and L. pullitarsis was significantly influenced by size 
and age of the habitat (Fig. 4). Very small or very young pu- 
rification plants mostly lacked Lipara or Giraudiella popula- 
tions. In addition, a comparison of these incidence curves 
with those of the parasitoids howed that herbivores were 
much less affected by area loss or habitat age than their para- 
sitoids. 
Discussion 
Results of this study showed that size and age of Phragmites 
habitats can be used to predict probability of extinctions (or 
the species absence). Diversity of insect communities attack- 
ing Phragmites australis of sewage purification plants de- 
creased with age and size of these habitats, but geography or 
shoot characteristics did not influence this relationship. 
Numbers of herbivores were up to five times higher in large 
habitats and up to three times higher in old habitats (Fig. 1). 
In agreement with these results, abundance of both gall 
maker species ignificantly decreased with decreasing habi- 
tat size and age. Such greatly reduced, small populations are 
known to be prone to extinction (BEGON et al. 1995; ROSEN- 
ZWEIG 1995). 
Incidence curves (Fig. 4) make a prediction of the proba- 
bility of a species' absence or extinction possible• Purifica- 
tion plants of only 25 m 2 and an age of only 3 years had a 
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Fig. 3. Abundance of Lipara galls and percent parasitism of these 
galls in dependence onhabitat age. 
A: Galls/m 2of Lipara pull°tars°s: 
SQR y = -1.2 + 7.5 log x; F = 7.42; r2= 22.2%; p = 0.01; n = 28. 
B: Parasitism (%) ofL. pullitarsis by Stenomalina liparae: 
y = -12.02 + 36.37 log x; F = 8.55; r2 = 24.76%; p= 0,007; n = 18. 
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Fig. 4. Probability of extinction or absence, respectively, of Lipara 
pullitarsis and Giraudiella inclusa populations in dependence of
habitat size (A) and habitat age (B), based on logistic regressions. 
A: Liparapullitarsis: a= 0.113, b = 0.0068; X2= 4.24; p = 0,04. 
Giraudiella inclusa: a = 1.04, b = -0.012, X 2= 8.91; p = 0.003. 
B: Liparapullitarsis: a= 0.733, b = 0.252, X2= 3.92; p = 0.05. 
Giraudiella inclusa: a = 1.51, b = -0.31, X 2= 4.18; p = 0.04. 
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50% probability that a population of Lipara pullitarsis could 
be found. Purification plants with a size of 100 m 2 and an age 
of 6 years had a 50% probability of finding Giraudiella galls. 
Correspondingly, Phragmites purification plants should at 
least measure 100 m 2 and have at least an age of 6 years to be 
of any importance for insect species conservation. 
Within large and old Phragmites tands, 100 m 2 usually 
harbour about 65,000 Giraudiella galls. From the viewpoint 
of demographic or genetic deteriorations of small popula- 
tions as a cause of extinction, populations with 65,000 indi- 
viduals appear to be extremely large (TSCHARNTKE 1992 b). 
However, insect populations generally need very large popu- 
lations to survive, since large population fluctuations make 
them greatly susceptible to extinction (LANDE 1988; 
TSCHARNTKE 1992 b; KRUESS ~; TSCHARNTKE 1994). 
Natural enemies are even more susceptible tohabitat frag- 
mentation than their phytophagous prey or host (KRuESS & 
TSCHARNTKE 1994). Percent parasitism of Lipara galls in- 
creased with age of the habitat (Fig. 3 B), presumably be- 
cause the Stenomalina parasitoids could only colonize habi- 
tats when their Lipara host populations had been already es- 
tablished. In addition, both species richness and abundance 
of the 14 parasitoid species attacking midge galls of G. in- 
clusa were disproportionally affected by habitat size and age. 
Accordingly, young habitats hould generally lack long food 
chains or complex food webs, thereby releasing herbivores 
from the possible control of their natural enemies. 
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